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(54) EL SHEET DI APHRAGM AND SWITCH USING THE SAME 



(57) The present invention relates to a lighted 
switch used in input sections of various kinds of elec- 
tronic devices, and a uniformly luminous EL sheet dia- 
phragm and a lighted switch which is of a thin structure 
using the same are provided. 

The uniformly luminous EL sheet diaphragm is 
formed by molding a diaphragm portion 2 in a diffusion- 
type EL sheet which comprises a transparent electrode 
layer 4 formed on a transparent film 3, a light emitting 
layer 5, a dielectric layer 6, a rear electrode layer 7 and 
an insulating layer 8 in such manner that a light emitting 
surface is in a convex side, and the switch is provided by 
an electrode contact lay er 9 newly formed on the insu- 
lating layer 8 in a concave side of the EL sheet dia- 
phragm and an opposed electrode contact layer 11 
formed on an insulating film base 10 opposite thereto, 
so that the thin structure can be achieved. 

Further, the transparent electrode layer 4 of the EL 
sheet diaphragm is formed by printing and drying a 
paste prepared by dispersing conductive powders that 
has a visible light transmittance in an insulating resin, 
and a high dielectric constant and flexible resin selected 
from vinylidene fluoride rubber and a blended resin of 
cyanated pullulan or cyanated cellulose and cyanated 
polyvinyl alcohol is employed as a binder resin for the 
light emitting layer 5 and dielectric layer 6, so that light 
emission failures due to wire breakage in the diaphragm 
portion 2 can be reduced, and a high quality EL sheet 
diaphragm and a switch using the same can be pro- 
vided. 
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trode layer 7 and insulating layer 8. 

To make the EL sheet, a diffusion-type light trans- 
mitting paste prepared by adding 65 wt. % of conductive 
powders having a visible light transmittance, that is, 
indium oxide powders (SCP-X prepared by Sumitomo s 
Metal Mining) to an insulating resin (a flexible acrylated 
bisphenol resin, MRXA prepared by Meiwa Chemical 
Industry), and dispersing them using three rolls is 
screen-printed onto the PET film 3 of 125 urn thick, and 
dried at 155 °C for 1 5 min so that the transparent elec- 10 
trode layer 4 of 3 to 5 p,m in dry film thickness is formed. 

Then, the light emitting layer 5 is formed in a man- 
ner similar to that of forming the transparent electrode 
layer 4 by printing and drying a paste which is prepared 
by mixing and dispersing 0.02 g of gicumyl peroxide as is 
a cross linking agent and 100 g of a light emitting ele- 
ment (TYPE 40 prepared by Silvania, U.S.A.) in a vinyli- 
dene fluoride copolymer rubber solution (Daiel G902 
prepared by Daikin Industries and 35 wt. % of isophor- 
one solved thereto) so that a dry film thickness of 35 *im 20 
is achieved. 

Further, the dielectric layer 6 is formed in a similar 
manner by printing and drying a paste which is pre- 
pared by dispersing, using three rolls, 50 g of BaTi0 3 
(prepared by Kanto Chemical Industry) in 28 g of a 25 
mixed solution of 70 wt. % of cyanoethyi pullulan resin 
and 30 wt. % of cyanoethyi polyvinyl alcohol resin 
(dimethyl formamide and 35 wt. % of CR-M prepared by 
Shin-Etsu Chemical that is solved thereto) so that a dry 
film thickness of 35 um is achieved. 30 

Thereafter, the rear electrode layer 7 is formed in a 
similar manner by printing and drying a conductive 
paste (DY-150H prepared by Tbyobo) so that a dry film 
thickness of 10 (im is obtained. 

Finally, the insulating layer 8 is formed similarly by 35 
printing and drying an insulating paste (XB-804A pre- 
pared by Fujikura Chemical Industry) so that a dry film 
thickness of 30 jum is achieved. 

Next, an upper electrode contact 9 of specified 
dimensions and a dry film thickness of 8 um is formed 40 
on the insulating layer 8 in a similar manner by drying a 
conductive paste (DW-250H prepared by Toyobo). 

Then, the diaphragm portion 2 is formed by using a 
mold that is heated to 1 70 °C , and molding it to a dome 
shape so that it is convex in a side of the PET film 3. 45 

Thereafter, a lower electrode contact 1 1 is formed 
by pattern-printing and drying a conductive paste (DW- 
250H prepared by Toyobo) onto a PET film 10 of 75 um 
thick, and the switch 1 using the EL sheet diaphragm is 
completed by combining the diaphragm portion 2 and a so 
lower electrode contact sheet that is prepared by pat- 
tern-printing and drying an insulating paste (XB-804A 
prepared by Fujikura Chemical Industry) as an insulat- 
ing resist 12 by means of thermo compression bonding 
in such manner that the upper electrode contact 9 and ss 
lower electrode contact 1 1 of the diaphragm portion 2 
are opposed to each other. 

As shown in Fig. 3, the upper electrode contact 9 is 



pressure-connected at a connection part 9a thereof with 
an external lead pattern of the lower electrode contact 
sheet, and an electrode lead-put portion of the dia- 
phragm 2 forms, as shown in Figs. 4 and 5, rear elec- 
trode layers 7, 7a of a conductive paste and a 
connecting electrode 4b on a light transmitting electrode 
4a in order for better connection. 

In the switch 1 using an EL sheet diaphragm 
according to the invention, as a result of observing a 
light emitting condition of EL by applying a power of 100 
V 400 Hz to the connecting electrode 4b and rear elec- 
trode layer 7a, reversing the diaphragm portion 2 by 
pressing the diaphragm portion 2 with a finger from 
above, and repetitively connecting the upper electrode 
contact 9 and lower electrode contact 11 (switching 
operation), it was confirmed that a uniform light was 
emitted, a light emitted by EL was always uniform even 
when the switching operation is repeated 500,000 
times, and a superior light emitting performance was 
achieved. 

In the embodiment, an EL sheet diaphragm may be 
produced by respectively using, as a binder resin for the 
light emitting layer 5 and dielectric layer 6), a vinylidene 
fluoride copolymer rubber (Daiel G501 prepared by 
Daikin Industries), a mixed resin of 50 wt. % of cyanoe- 
thyi pullulan (CR-S prepared by Shin-Etsu Chemical ) 
and 50 wt. % of cyanoethyi polyvinyl alcohol (CR-V pre- 
pared by Shin-Etsu Chemical) or a mixed rubber of 50 
wt. % of cyanoethyi cellulose (prepared by Shin-Etsu 
Chemical) and 50 wt. % of cyanoethyi polyvinyl alcohol 
(CR-V prepared by Shin-Etsu Chemical), and setting 
the ratio between the light emitting element or dielectric 
element and the binder resin at the same ratio as that of 
the embodiment. 

As described abovo, according to the embodiment, 
breakage of the ITO f ilm during molding of the dia- 
phragm portion 2 can be prevented, and a service life 
can be increased by printing and drying the paste (diffu- 
sion-type light transmitting paste) prepared by dispers- 
ing conductive powders that has a visible light 
transmittance in an insulating resin or a resin solution 
containing an insulating resin solved therein to form the 
transparent electrode layer 4, and breakage of a binder 
resin for the light emitting layer 5 and dielectric layer 6 
can be avoided by using, as a binder resin for the light 
emitting layer 5 and dielectric layer 6, a resin having a 
high dielectric constant and flexibility, which is selected 
from a vinylidene fluoride rubber, vinylidene fluoride 
copolymer rubber, a resin prepared by blending 
cyanated pullulan and cyanated polyvinyl alcohol or a 
resin prepared by blending cyanated cellulose and 
cyanated polyvinyl alcohol. 

By molding the diaphragm portion 2 such that click- 
ing is sensed in response to a compressive force, an 
operational feeling of the switch can be provided, and 
the diaphragm portion ?. can be molded either by heat- 
ing the EL sheet to 70 °C to 1 80 °C or heating the mold 
to 70 °C to 180 °C , so that breakage of the ITO film 
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Thus, according to above constitution, a high qual- 
ity, superior EL sheet diaphragm capable of achieving 
uniform lighting, lower pxswer consumption, good opera- 
tional feeling and reduced light emission failure and a 
thin, light-weight switch using the same can be pro- 
vided. 

LIST OF REFERENCE NUMERALS IN THE DRAW- 
INGS 



I Switch using an EL sheet diaphragm 
2, 2a, 2b, 2c Diaphragm portion 

3 PETfilm 

4 Transparent electrode layer 
4a Light transmitting electrode 
4b Connecting electrode 

5 Light emitting layer 

6 Dielectric layer 

7, 7a Rear electrode layer 

8 Insulating layer 

9 Upper electrode contact 
9a Connecting part 

10 PETfilm 

I I Lower electrode contact 

1 2 Insulating resist 

13 Switch using an EL sheet diaphragm 

of multicolor light emission type 



Claims 

1 . An EL sheet diaphragm comprising a diffusion-type 
EL sheet which includes a transparent electrode 
layer formed on a transparent film, a light emitting 
layer, a dielectric layer, a rear electrode layer and 
an insulating layer, is formed with a diaphragm por- 
tion molded in a dome shape with a flange-like sup- 
porting portion in an outer circumference thereof 
such that a light emitting surface is in a convex side, 
and is reversed with or without a feeling of modera- 
tion when it is prassed for operation, and is pro- 
vided with a lighting area in an entire surface 
thereof, only in said diaphragm portion or said dia- 
phragm portion and the vicinity thereof. 

2. An EL sheet diaphragm of claim 1 , wherein said 
transparent electrode layer is formed by printing 
and drying a paste which is prepared by dispersing 
conductive powders that has a visible light transmit- 
tance in an insulating resin or a resin solution con- 
taining an insulating resin solved therein. 

3. An EL sheet diaphragm of claim 1 , wherein a binder 
resin used for said light emitting layer and dielectric 
layer is selected from a vinylidene fluoride rubber, 
vinylidene fluoride copolymer rubber, a resin pre- 
pared by blending cyanated pullulan and cyanated 
polyvinyl alcohol or a resin prepared by blending 
cyanated cellulose and cyanated polyvinyl alcohol. 



4. An EL sheet diaphragm of claim 2, wherein a binder 
resin used for said light emitting layer and dielectric 
layer is selected from vinylidene fluoride rubber, 
vinylidene fluoride copolymer rubber, a resin pre- 

5 pared by blending cyanated pullulan and cyanated 

polyvinyl alcohol or a resin prepared by blending 
cyanated cellulose and cyanated polyvinyl alcohol. 

5. A switch using an EL sheet diaphragm of claim 1, 
10 wherein a membrane switch having an opposed 

electrode contact is provided below said EL sheet 
diaphragm, or an electrode contact layer is newly 
formed on said insulating layer in a concave side of 
said EL sheet diaphragm, and an opposed elec- 
15 trode contact layer is formed on an insulating film 
base or insulating resist base opposite thereto. 

6. A switch using an EL sheet diaphragm of claim 2, 
wherein a membrane switch having an opposed 

20 electrode contact is provided below said EL sheet 
diaphragm, or an electrode contact layer is newly 
formed on said insulating layer in a concave side of 
said EL sheet diaphragm, and an opposed elec- 
trode contact layer is formed on an insulating film 

26 base or insulating resist base opposite thereto. 

7. A switch using an EL sheet diaphragm of claim 3, 
wherein a membrane switch having an opposed 
electrode contact is provided below said EL sheet 

30 diaphragm, or an electrode contact layer is newly 
formed on said insulating layer in a concave side of 
said EL sheet diaphragm, and an opposed elec- 
trode contact layer is formed on an insulating film 
base or insulating resist base opposite thereto. 

35 

8. A switch using an EL sheet diaphragm of claim 4, 
wherein a membrane switch having an opposed 
electrode contact is provided below said EL sheet 
diaphragm, or an electrode contact layer is newly 

40 formed on said insulating layer in a concave side of 
said EL sheet diaphragm, and an opposed elec- 
trode contact layer is formed on an insulating film 
base or insulating resist base opposite thereto. 

45 9. An EL sheet diaphragm of claim 1 , wherein said 
diaphragm portion is molded by heating said EL 
sheet which comprises said transparent film of pol- 
yethylene terephthalate to 70 to 180 °C , or heating 
a mold for said diaphragm portion to 70 to 1 80 °C. 

50 

10. An EL sheet diaphragm of claim 2, wherein said 
diaphragm portion is molded by heating said EL 
sheet which comprises said transparent film of pol- 
yethylene terephthalate to 70 to 180 °C, or heating 

55 a mold for said diaphragm portion to 70 to 180 °C. 

11. An EL sheet diaphragm of claim 3, wherein said 
diaphragm portion is molded by heating said EL 
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phragm so that said color of light emitted by said El- 
sheet is entirely or partly changed. 

26. An EL sheet diaphragm of claim 10, wherein single 
color or multiple, two or more, colors of light is emit- 
ted from said light emitting layer of said EL sheet 
and said transparent film is colored, a color paint is 
applied to said transparent film, or a color film is 
placed on a convex surface of said EL sheet dia- 
phragm so that said color of light emitted by said EL 
sheet is entirely or partly changed. 

27. An EL sheet diaphragm of claim 1 1 , wherein single 
color or multiple, two or more, colors of light is emit- 
ted from said light emitting layer of said EL sheet, 
and said transparent film is colored, a color paint is 
applied to said transparent film, or a color film is 
placed on a convex surface of said EL sheet dia- 
phragm so that said color of light emitted by said EL 
sheet is entirely or partly changed. 

28. An EL sheet diaphragm of claim 12, wherein single 
color or multiple, two or more, colors of light is emit- 
ted from said light emitting layer of said EL sheet, 
and said transparent film is colored, a color paint is 
applied to said transparent film, or a color film is 
placed on a convex surface of said EL sheet dia- 
phragm so that said color of light emitted by said EL 
sheet is entirely or partly changed. 

29. A switch using an EL sheet diaphragm of claim 13, 
wherein single color or multiple, two or more, colors 
of light is emitted from said light emitting layer of 
said EL sheet, and said transparent film is colored, 
a color paint is applied to said transparent film, or a 
color film is placed on a convex surface of said EL 
sheet diaphragm so that said color of light emitted 
by said EL sheet is entirely or partly changed. 

30. A switch using an EL sheet diaphragm of claim 14, 
wherein single color or multiple, two or more, colors 
of light is emitted from said light emitting layer of 
said EL sheet, and said transparent film is colored, 
a color paint is applied to said transparent film, or a 
color film is placed on a convex surface of said EL 
sheet diaphragm so that said color of light emitted 
by said EL sheet is entirely or partly changed. 

31. A switch using an EL sheet diaphragm of claim 15, 
wherein single color or multiple, two or more, colors 
of light is emitted from said light emitting layer of 
said EL sheet, and said transparent film is colored, 
a color paint is applied to said transparent film, or a 
color film is placed on a convex surface of said EL 
sheet diaphragm so that said color of light emitted 
by said EL sheet is entirely or partly changed. 

32. A switch using an EL sheet diaphragm of claim 16, 



wherein single color or multiple, two or more, colors 
of light is emitted from said light emitting layer of 
said EL sheet, and i>aid transparent film is colored, 
a color paint is applied to said transparent film, or a 
5 color film is placed on a convex surface of said EL 

sheet diaphragm sc that said color of light emitted 
by said EL sheet is entirely or partly changed. 

Amended claims under Art. 19.1 PCT 

10 

1 . (AMENDED) An EL sheet diaphragm comprising 
a diffusion -type EL s heet which includes a transpar- 
ent electrode layer tbrmed on a transparent film, a 
light emitting layer, a dielectric layer, a rear etec- 

is trode layer and an insulating layer is formed with a 
diaphragm portion molded in a dome shape with a 
flange-like supporting portion in an outer circumfer- 
ence thereof such that a light emitting surface is in 
a convex side, and h> reversed with or without a feel- 

20 ing of moderation when it is pressed for operation, 
and is provided with a lighting area in an entire sur- 
face thereof, at least in said diaphragm portion only 
or an entire area of said diaphragm portion and the 
vicinity thereof. 

25 
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